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摘  要 
I 
 
摘  要 
DNA、RNA 以及蛋白质的检测一直备受关注，在疾病诊断、基因治疗、医
疗预防以及环境监测等方面具有重要意义。近几十年来，核酸在生物传感器上的








检测呼吸道合胞病毒(RSV)的 DNA 和 microRNA let7a。这两种 aMB 信标自身的
发夹结构封闭了链霉亲和素(SA)的核酸适配体序列，在结合目标物序列后打开发
夹结构，激活 SA 的核酸适配体，用于结合 SA 修饰的辣根过氧化物酶(HRP)到
电极表面产生电化学催化信号，从而实现对目标物的分析检测。这种传感器将核
酸适配体应用到核酸传感器设计中，取代了利用抗原抗体来连接核酸和蛋白质的
方法。实验考察了 DNA 修饰电极在 TMB 溶液中的氧化还原性质，利用循环伏
安法观测到 TMB 氧化产物在 DNA 上的吸附现象。传感器对目标物显示出良好
的选择性响应，对 RSV DNA 和 microRNA 的检测限分别为 11 pmol/L 和 3.4 
pmol/L。 
第四章，外切酶 III(ExoIII)被用来循环剪切 DNA 探针以达到信号放大的目
的。研究发现，ExoIII 不仅能够酶切 dsDNA 双链，对 ssDNA 也有酶切性能，这
使得目标物 DNA 在信号放大的过程中受到酶切作用，导致信号循环放大效果降
低。因此，实验设计了双重的 ExoIII 酶切放大法来分析检测 ssDNA，先让探针















摘  要 
II 
 
荧光标记 P2 进一步分析 tDNA，后续工作将继续完善。这种 DNA 放大检测方法
实现了一个 tDNA 让多个荧光分子发光的模式，极大降低了分析的检测限，对于
低浓度 DNA 的直接分析检测具有重要意义。 
第五章，设计了检测凝血酶因子的核酸适配体电致化学发光(ECL)生物传感




钌硅球，虽然观察到 ECL 信号，但是壳聚糖的导电性较差，ECL 信号灵敏度较
低；用对氨基苯甲酸来改性玻碳电极表面，然后共价连接上氨基化的钌硅球，能
达到较好的 ECL 信号，但是信号不稳定；利用 CV 方法直接将氨基化的钌硅球






















The detection of DNA, RNA and proteins plays an important role in the 
diagnosis of disease, gene therapy, health care and environment monitoring. In 
decades, the biosensors based on nucleic acids consist of DNA/RNA sensors and 
aptasensors. This thesis designed the biosensors based on nucleic acids in 
electrochemistry, fluorescence and electrochemiluminescence for detecting DNA, 
microRNA and proteins. The main research works include: 
In Chapter 1, the basic knowledge of nucleic acids and the research progress of 
biological sensors based on nucleic acids in electrochemistry, fluorescence and 
electrochemiluminescence are presented, as well as the signal amplification methods 
based on enzyme. The research work of this dissertation is summarized. 
In Chapter 2 & 3, two electrochimical sensors were fabricated based on 
label-free functional allosteric molecular beacons (aMB) for detecting RSV DNA and 
microRNA let7a respectively. The sensors included streptavidin aptamers which were 
blocked by the hairpin structure. After hybridizing with target, the hairpins opened 
and released the squences of the aptamers which could bind to streptavidin peroxidase 
polymer for generating catalytic currents on electrode surface. These DNA sensors 
applied the aptemers for protein binding, instead of the antigen antibody interactions 
in the linkage between DNA and proteins. It showed that the oxidation products of 
TMB could be adsorbed to DNA, and resulted in the shoulder peaks in CVs. The 
sensors showed good response to RSV DNA and microRNA. The detection limits 
were found to be 11 pmol/L and 3.4 pmol/L for RSV DNA and microRNA let7a 
respectively. 
In Chapter 4, the signal amplification mehtod based on Exonuclease III (ExoIII) 
was studied. ExoIII could digest not only dsDNA, but also ssDNA. The effect of 
amplification decreased due to the digestion of target DNA. In the study,. a double 
amplification method for single stranded tDNA detection was designed. Probe 1 (P1) 
was digested partially by ExoIII after hybridizing with tDNA, and then released a 
short DNA chain, which could inhibit the enzyme digestion and trigger the digestion 
of Probe 2 (P2) for a long time. The PAGE results confirmed the amplification effect 
















aims at the reduction of tDNA digestion and achieves that one target DNA can trigger 
mutiple probes to generate fluorescence for decreasing the detection limit. 
In Chapter 5, an electrochemiluminescence (ECL) aptasensor for detecting 
thrombin was designed. The aptamer improved the selectivity of the ECL biosensors. 
In the biosensor construction, it was very important in the immobilization of an ECL 
luminophor. Ru(bpy)3
2+ doped silica nanoparticles (RuSiNPs) as the luminophors 
were immobilized on the electrode surface using different methods: 1) Nafion was 
used to immobilizing RuSiNPs on the electrode surface, which showed good response 
to methamphetamine. However, Nafion was lack of derivatization ability for binding 
DNA. 2) Chitosan was rich in amino and hydroxyl groups and was used as carrier to 
link amino group functinal RuSiNPs (NH2-RuSiNPs) onto the electrode surface. 
However, the ECL signals were restricted by the poor conductivity of chitosan. 3) 
P-aminobenzoic acids were used as mediators for the linkage between the electrode 
surface and NH2-RuSiNPs. The electrode generated high ECL signals, but the signals 
were unstable. 4) NH2-RuSiNPs were covalently bond to the electrode surface by CVs. 
The ECL signals were more stable than that obtained form other methods. After 
NH2-RuSiNPs modification, two thrombin aptamers were linked to the NH2-RuSiNPs 
to construct aptasensors, which could reaponse to thrombin with the decrease of ECL 
signals. 
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图 1.1 核酸基本组成：核苷酸(a)，脱氧核苷酸(b)；基本碱基结构式：胸腺嘧啶 T 
(c)，腺嘌呤 A、鸟嘌呤 G 和胞嘧啶 C (d)，以及尿嘧啶 U (e)。其中 DNA 碱基包
括 c 和 d，RNA 碱基包括 d 和 e。 
Fig 1.1 The structures of nucleotide (I), deoxynucleotide (II) and bases (III to V). III 
and IV are for DNA and IV and V are for RNA. 
DNA 和 RNA 的基本结构单元——核苷酸，如图 1 所示，它们都包含了碱基、
五碳糖以及磷酸基团，区别在于 DNA 比 RNA 在五碳糖中少了一个氧原子。组
















碱基除了 G、A、C 三种碱基与 DNA 相同外，还有一个尿嘧啶(U)。虽然 DNA
和 RNA 具有极大的结构相似性，但是它们的稳定性却差别很大。DNA 相对比较
稳定，其作为遗传信息的载体延续着生物的繁衍，而 RNA 比较容易降解，其在
生物体内半衰期只有几天。然而，RNA 五碳糖上多一个氧原子，使得 RNA 在核




螺旋直径 2 nm，螺旋周期包含 10 对碱基，螺距 3.4 nm，相邻碱基对平面的间距
0.34 nm，这也是研究 多、 主要的核酸构型。此外核酸还有 A 和 Z 构象，A-DNA
的螺旋较短较紧密，一般在高盐或脱水的样本中才会出现，或者存在于 DNA 与






核酸适配体实质就是单链核酸 (DNA 或者 RNA)，一般是 20-80 个碱基的长
度或者更长，它们在溶液中可以形成特定的三维多级结构，对特定目标物具有高
选择性与高亲和性。另外，核酸适配体也可以在目标物的诱导下重组多级结构以
适应目标物的结合。核酸适配体是通过 SELEX 技术[1, 2]从一个 DNA 库里面挑选






















表 1.1 已获得核酸适配体的靶标[3] 
Table 1.1 Literature Reported DNA Aptamer Targets[3] 
analyte type examples 
metal ions K(I)[4], Hg(II)[5], Pb(II)[6], UO2(II)
[7], Cu(II)[8], Zn(II)[9] 
organic dyes reactive green 19[10], sulforhodamine B[11] 
amino acids arginine[12], L-tyrosinamide[13] 
peptides Vasopressin[14], RGD[15], neuropeptide Y[16] 
biological cofactors 
hemin[17], platelet-derived growth factor B-chain[18],  
human basic fibroblast growth factor[19], NF-κB[20] 
small molecules 
cocaine[21], cholic acid[22], aspartame[23], (R)-thalidomide[24], 
17-estradiol[25], ATP (or adenosine, AMP)[26] 
oligosaccharides cellobiose[27], sialyllactose[28] 
toxins ricin[29], abrin toxin[30], bisphenol A[31], malachite green[32] 
proteins 
human thrombin[33], neutrophil elastase[34], Taq DNA 
polymerase[35], HIV-1 RNase H[36], protein kinase C-δ[37], 
HIV-1 reverse transcriptase[38], human IgE[39], streptavidin[40] 
cells and bacteria 
anthrax spores[41], YPEN-1 endothelial[42], PC12 cells[43], 
Jurkat T leukemia cells[44], CCRF-CEM leukemia cells[45], 
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